s u m m a r y Background: Malnutrition is both a frequent feature and a comorbidity of cystic fibrosis (CF), with nutritional status strongly associated with pulmonary function and survival. Nutritional management is therefore standard of care in CF patients. ESPEN, ESPGHAN and ECFS recommended guidelines to cover nutritional management of patients with CF. Methods: The guidelines were developed by an international multidisciplinary working group in accordance with officially accepted standards. The GRADE system was used for determining grades of evidence and strength of recommendation. Statements were discussed, submitted to Delphi rounds, reviewed by ESPGHAN and ECFS and accepted in an online survey among ESPEN members. Results: The Working Group recommends that initiation of nutritional management should begin as early as possible after diagnosis, with subsequent regular follow up and patient/family education. Exclusive breast feeding is recommended but if not possible a regular formula is to be used. Energy intake should be adapted to achieve normal weight and height for age. When indicated, pancreatic enzyme and fat soluble vitamin treatment should be introduced early and monitored regularly. Pancreatic sufficient patients should have an annual assessment including fecal pancreatic elastase measurement. Sodium supplementation is recommended and a urinary sodium:creatinine ratio should be measured, corresponding to the fractional excretion of sodium. If iron deficiency is suspected, the underlying inflammation should be addressed. Glucose tolerance testing should be introduced at 10 years of age. Bone mineral density examination should be performed from age 8e10 years. Oral nutritional supplements followed by polymeric enteral tube feeding are recommended when growth or nutritional status is impaired. Zinc supplementation may be considered according to the clinical situation. Further studies are required before essential fatty acids, anti-osteoporotic agents, growth hormone, appetite stimulants and probiotics can be recommended. 1 These authors contributed equally to this work.
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Introduction

Development of guidelines for cystic fibrosis nutrition care
The European Society for Clinical Nutrition and Metabolism (ESPEN) launched a process of developing updated guidelines on nutrition care for infants, children, and adults with cystic fibrosis (CF). The group included physicians, dietitians, and educators, all experts in the field of cystic fibrosis, as well as the guidelines coordinator (SMS); all are authors of this guideline document.
Recent Cochrane reviews have highlighted a lack of randomized controlled trials examining the effects of nutritional interventions in patients with CF [1e8] . Consistent with these findings, many of our nutrition guidelines are based on consensus expert opinions [9e11]. The experts followed the GRADE method, which was based on determinations of grade of evidence and strength of recommendation; the methodology is described elsewhere [12] . A meeting was organized in Stockholm, Sweden, in April of 2012. These new guidelines are meant to update the 2002 European consensus guidelines on nutrition for people with cystic fibrosis [11] .
Literature search was conducted in the PubMed and Cochrane databases until 2014, using the following terms: cystic fibrosis AND (nutrition* OR diet* OR nourishment OR nutrient OR nutriment OR malnutrition OR malnourishment OR undernourishment OR calorie* OR lipid* OR trace OR vitamin* OR protein* OR taurine OR pancreatic enzyme replacement therapy OR PERT OR fatty OR micronutrient* OR antioxidant* OR probiotic* OR supplement* OR insulin OR enteral OR parenteral OR EN OR TPN OR PN).
The grade of evidence was determined by a number of factors, starting with the number and type of research studies [13e17] . Grading from High to Very Low was used to rate the quality of the underlying evidence and the level of certainty for effect (Table 1 ) [15] . Highest quality evidence resulted from consistent results in meta-analysis of multiple randomized controlled trials, with the next highest level defined by at least one well-designed randomized controlled trial. Moderate and low-level evidence came from controlled trials that were not randomized, from cohort-or casecontrolled studies, or from multiple time series trials. Very lowlevel evidence was from expert clinical experience or from descriptive studies. The grade was then decreased if there were limitations to study quality, inconsistencies in findings, imprecise or sparse data, or high likelihood of reporting bias. The grade was increased if there was high consistency of findings or strong evidence of association ( Table 1) .
The strength of recommendation was based on a consensus discussion, which included expression and deliberation of expert opinions, risk-benefit of recommendation, costs, and a review of supportive evidence, followed by Delphi rounds and votes until agreement was reached (Table 2) .
Last, a list of all statements was sent to all 2639 ESPEN members with an e-mail address on file to ask for approval/disapproval of every statement, and in the latter case to provide justification. 50 ESPEN members completed the survey, with approval ratings ranging from 61% to 100%. Comments based on the literature were taken into account in the final version of the manuscript. The European Society for Paediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) and the European Cystic Fibrosis Society (ECFS), who are partners of these guidelines, reviewed the final manuscript, with an external review for ESPGHAN.
It is noteworthy to mention than this initiative followed the rules for ESPEN guidelines [12] , while based on their own rules ESPGHAN and ECFS qualify it as a position paper.
Nutrition needs with cystic fibrosis
Statement of the problem: cystic fibrosis and undernutrition
Cystic fibrosis (CF) is a life-threatening genetic disorder that occurs primarily in Caucasians but can occur in other races or ethnicities as well [18, 19] . The incidence of CF is about one in 3500 white births in Europe [20] . The mean prevalence in the United States (US) and the European Union (EU) is similar, 0.74 and 0.80 in 10,000 persons, respectively [21] .
The CF phenotype results from mutations in the gene encoding the cystic fibrosis transmembrane conductance regulator (CFTR) protein, which results in CFTR deficiency or dysfunction, changes that disable the transport of sodium and chloride ions across epithelial and other cell membranes [22, 23] . As a result, fluid transport is abnormal, and mucous secretions become thickened, ultimately impairing function of organs such as the lungs and pancreas, as well as the liver, gallbladder and intestines [18, 23] . In the lungs, thickened mucus adheres to airway surfaces, which leads to decreased mucociliary clearance, and increased risk for inflammation and infection. In the pancreas, thickened secretions obstruct intra-pancreatic ducts, reducing delivery of digestive enzymes to the intestines and impairing absorption of key nutrients [23] . Table 1 Grades of evidence.
Level
Definitions of evidence [15] High Further research is unlikely to change our confidence in the estimate of effect.
Moderate
Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low
Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low
Any estimate of effect is very uncertain. Cystic fibrosis is strongly associated with poor nutritional statusdlinked directly by factors related to the underlying genetic mutation, as well as indirectly by factors such as higher energy needs, energy losses, greater essential fatty acid (EFA) turnover, and decreased nutrient intake and absorption [18,23e26] . In children, poor nutritional status results in stunted growth and development [27] . In children and adults with CF, declining lung function is associated with decreasing nutritional status, leading to increased mortality [28, 29] . On the other hand, there is a clear link between good nutritional status and better lung function, which improves clinical outcomes and survival [18, 24, 28] . Though the nutritional status of CF patients has improved markedly over the past two decades, adequate nutrition still remains a major problem for some [30] . Those who are diagnosed early through newborn screening programmes benefit from earlier intervention. This gives the opportunity to minimize nutritional deficits and is associated with positive nutritional outcomes.
Call to action
To achieve the best possible outcome for each CF patient, it is important to provide care that includes attention to nutrition. To that end, a team of expertsdrepresenting ESPEN, ESPGHAN and ECFSdsystematically reviewed the medical literature to summarize current knowledge on epidemiology and pathophysiology, prevention, and treatment of CF-related undernutrition. The ESPEN-ESPGHAN-ECFS group then recommended evidence-based guidelines on nutrition care for infants, children, and adults with CF.
Background on undernutrition in people with CF
Undernutrition in CF results from a mismatch between energy needs and actual food intake, complicated by malabsorption. To date, a high-calorie, high-fat diet with pancreatic enzyme replacement therapy (PERT) and fat-soluble vitamin supplementation has been considered the standard of nutritional care for CF [27] . Newer studies suggest recommendations are also needed for increased intake of protein in order to maintain lean body mass and improve long-term outcomes [24] . Similarly, evidence suggests increased intake of EFA, such as linoleic acid, may be a way to improve survival and growth [31] .
Traditional definition of adequate nutrition with CF
For infants and children with CF, nutrition is considered adequate when growth is similar to that of an age-matched non-CF population. For CF adults, the threshold is a specific body mass index (BMI) goal for women and men [32] .
However, in older children and adults with CF, a focus on BMI targets alone does not fully define nutritional status. Engelen and colleagues raised concerns about the increasing prevalence of overweight and obesity as a confounding factor to understanding nutritional status [24, 33] . That is, increased weight does not necessarily correlate with better lung function; high fat mass but low lean body (muscle) mass in fact predicts poor CF disease prognosis. Thus, future CF nutrition guidelines need to qualify BMI thresholds of adequacy with corresponding thresholds for lean body mass.
Prevalence of CF undernutrition
While increasingly more people in the CF population are achieving adequate nutritional status, undernourishment still persists. According to the most recent European Cystic Fibrosis Society (ECFS) Patient Registry (2010 data) [34] , nearly half of all children and adults with CF met nutritional targets in most Malnutrition in CF results from a combination of conditionsdenergy losses, high energy needs, and inadequate nutrient intake [18] . The primary cause of energy loss is malabsorption, often resulting from maldigestion due to insufficient release of pancreatic enzymes into the intestinal lumen (exocrine pancreatic insufficiency) [23] . Energy losses are further worsened when digestive abnormalities are associated with metabolic changes, e.g., intestinal inflammation, small intestinal bacterial overgrowth, low bicarbonate output, impaired insulin secretion with a variable degree of insulin resistance (CF-related diabetes) [36] and impaired liver function (CF-related liver disease) [37, 38] . Furthermore, energy needs are higher in people with CF and pancreatic insufficiency in comparison with needs of healthy individuals, an observation supported by measurement of high resting energy expenditure in people with CF [39] . Such high energy expenditure correlates strongly with pancreatic insufficiency, although the mechanism remains unclear [18] . Further, high energy requirements have also been attributed to persistent lung inflammation and infections associated with CF [38, 40, 41] .
People with CF, especially children and adolescents, are often unable to consume sufficient energy to overcome shortfalls due to inefficient energy use and increased energy needs. Psychosocial issues, such as stress and treatment noncompliance, may contribute to energy shortfalls [18] . Pulmonary inflammation, discomforts related to gastrointestinal problems (gastro-esophageal reflux, constipation, distal intestinal obstructive syndrome, bacterial overgrowth), and the side-effects of medications can also decrease appetite and interfere with intake goals [18, 23, 42 ].
What are the consequences of undernutrition?
Undernutrition affects respiratory muscle function, decreases exercise tolerance, and leads to immunological impairment [43] . While CF pathophysiology is directly linked to a deficit of energy intake relative to needs, CF also affects multiple body systems in ways that further worsen pulmonary status, impair growth, lower quality of life, and shorten life expectancy [44] .
In infants and young children with CF, poor nutritional status results in stunted growth, as detected by low weight-and heightfor-age percentiles [29, 45, 46] . If untreated, such CF-related undernutrition in infancy or early childhood can lead to the serious consequence of impaired cognitive function [47] . In cases of severe undernutrition in infants and children, lung function worsens markedly [46] , and survival is poor [48] .
As CF progresses in older children and in adults, a wide range of metabolic complications cause nutritional deficits, which further compromise quality of life [49] and increase mortality risk [50] . For example, CF-related diabetesdinsulin deficiency and/or insulin resistancedcauses and worsens malnutrition by lowering insulin's anabolic effects [51e53] . Similarly, CF-related liver disease and hepatic steatosis are associated with selective nutritional deficiencies, e.g., fat-soluble vitamins and EFA and calcium [37, 54, 55] , in turn worsening malnutrition and contributing to problems such as osteopenia and osteoporosis [56e58] .
Taken together, such adverse consequences of nutrient deficits in infants, children, and adults with CF are a rationale for early and aggressive nutrition intervention, beginning in the first years of life and continuing over the lifespan [59, 60] .
General guidelines on nutrition care for cystic fibrosis
We emphasize six basic guidelines on screening, assessment, and interventions for nutrition care in individuals with cystic fibrosis (Table 3) . While additional research trials will strengthen the evidence base for many recommendations, we specifically call for studies on new treatments for nutritional complications of specific fatty acids, anti-osteoporotic agents, anti-inflammatory agents, anabolic therapies, or probiotics.
A systematic approach to nutritional assessment and monitoring in CF
At all ages, individuals with CF are at nutritional risk; therefore, routine and complete nutritional assessments are essential to improve outcomes. For infants who are diagnosed by newborn screening, attention to nutrition is key to maintaining normal growthdeven before signs of the CF phenotype become evident [59, 61, 62] .
This section discusses specific assessment for markers of poor nutritional status (Table 4) . As discussed previously, poor nutritional status has traditionally been defined by anthropometric cutoffs for weight-and length percentiles in infants and children up to 2 years [62, 63] , and by BMI cutoffs for children older than 2 years and for adults [29] . International growth and stature standards or references are available from the World Health Organization Table 3 General guidelines for CF nutrition care.
Table 4
Specific guidelines for assessment and monitoring of nutritional status in patients with CF.
Specific guideline statements
We recommend measuring weight and length or height at each clinic visit. (Grade of evidence: low) We recommend using these levels to indicate adequate nutritional status:
Infants and children 2 years: 0 SD (50th percentile) of weight and length for a healthy same-age population. Children 2e18 years: 0 SD (50th percentile) of BMI for a healthy, same-age population. Change in height percentile/SD score should be considered, as stunted children can have a normal BMI. Any height measurement should be interpreted taking parental height into consideration.
Adults >18 years e BMI at or above 22 kg/m [2] for females and 23 kg/m [2] for males (Grade of evidence: low) For CF patients of all ages, we recommend routine and frequent monitoring of length/weight, weight-and length-for-age percentiles, or BMI. For infants, we suggest clinic visits every 1e2 weeks until evidence of adequate nutrition and ideal nutritional status is established, then monthly through the first year of life and, if possible, through early childhood. For older children and adults, we recommend monitoring growth (weight-and length-for-age percentiles) and BMI at least every 3 months. Malnourished and stunted patients should have more frequent monitoring than patients with good nutritional status. (Grade of evidence: low) We recommend assessment of bone mineral density by dual-energy X-ray absorptiometry (DXA), for all patients from 8 to 10 years of age. (Grade of evidence: low) We suggest consideration of assessment of body composition in all patients using methods such as DXA, anthropometry, bioelectrical impedance, air displacement plethysmography, double labeled water measurement and hand grip strength (Grade of evidence: low) For pancreatic-sufficient infants, children, and adults, we suggest annual assessment of pancreatic function by fecal pancreatic elastase-1 determination, with the test repeated when inadequate growth and/or nutritional status occur(s). For children, adolescents, and adults, we recommend assessing for pancreatic enzyme replacement therapy (PERT) need or adequacy of treatment by monitoring growth, nutritional status, and gastrointestinal symptoms; we suggest monitoring every month for children, every 3 months for adolescents, and every 6 months for adults.
(Grade of evidence: low) For children and adults, we suggest care managers consider annual nutritional review with blood tests (blood count, iron status, plasma fat-soluble vitamin levels, serum liver function tests, and electrolyte measurements). Plasma phospholipids or red blood cell fatty acids can be monitored if the assay is available. (Grade of evidence: low) We recommend annual screening of all CF patients ! 10 years for glucose tolerance. (Grade of evidence: low) We recommend regular assessment of pulmonary function (FEV 1 ); for the majority, every 3 months. (Grade of evidence: low) We recommend that children and adolescents undergo dietary review (see section below) at least every 3 months, and adults undergo dietary review at least every 6 months, including questions about adherence to dietary advice. (Grade of evidence: low) We recommend that calcium intake should be assessed at least annually. (Grade of evidence: low) For women with CF who are or plan to become pregnant, we recommend increasing the frequency of monitoring and continuing after delivery. (Grade of evidence: low) (WHO) [64] . In addition, poor nutritional status is associated with evidence of poor pulmonary function and pancreatic insufficiency. Nutritional status can be assessed and monitored with serum markers and body composition.
Assessment of growth and BMI by age
For infants and children with CF, nutrition is considered adequate when growth is similar to that of an age-matched healthy population (Table 4) . Ideally, growth charts should be appropriate to the nationality and ethnicity of the patient. If these are not available the world health organization growth charts should be used (www.who.int/childgrowth/standards/en/). For infants and young children, aim to achieve the 50th percentile of weight and length for a healthy same-age population up to age two years. For older children and adolescents 2e18 years, the target is a body mass index (BMI) at or above the 50th percentile for healthy children. For CF adults over the age of 18 years, the target is a BMI at or above 22 kg/m [2] for females and 23 kg/m [2] for males [32] .
Assessment of nutritional status and nutrition-related functions
This section presents guidelines for monitoring and timing to assess nutritional status (Table 5 ).
Serum markers of nutrition
Biochemical markers of nutrition status or risk factors include blood count, iron status, plasma fat-soluble vitamin levels, serum liver function tests, and electrolyte measurements [9,11,65e67] . Plasma phospholipids or red blood cell fatty acids can be monitored if the assay if available [32, 65] .
Body composition
Body composition can be assessed by a number of different techniques. These include dual-energy X-ray absorptiometry (DXA), anthropometry, bioelectrical impedance, air displacement plethysmography, double labeled water measurement and hand grip strength. However not all of these have been validated in CF. Lean body mass (LBM) and bone mineral content (BMC) are more sensitive indicators of nutritional deficit than low BMI; low values predict impaired lung function in children [68] and in adults with CF [68, 69] . The European Cystic Fibrosis Bone Mineralisation Guidelines recommend that DXA is used to assess bone mineral density in all patients from the age of 8e10 years of age [71] . This measurement should be repeated every 1e5 years, depending on the age of the patient, value of the previous scan, and presence of risk factors (e.g., physical inactivity, glucocorticoid therapy) [70, 71] . For patients younger than 20 years of age whose height is more than one standard deviation below age and sex matched healthy controls, BMD Z score should be adjusted for height or statural age to avoid over estimating deficits in BMD in people with short stature [71] .
Electrolytes
Monitor the status of sodium, as discussed in section 2c.
Dietary review
A dietary review is appropriate for patients at nutritional risk, especially children who are consuming or skipping meals and snacks during school. A 24-h recall is a useful qualitative tool, but a longer 3e5 day diet record is necessary for a quantitative evaluation of energy and nutrient intake [9] . Because of the importance of adequate and appropriate dietary intake, we suggest that young children and adolescents undergo dietary review at least every 3 months [9, 11] and adults at least every 6 months, including questions about adherence to dietary advice.
Pulmonary function
Pulmonary function is assessed as % predicted forced expiratory volume in 1 s (FEV 1 ); normal ranges of weight-for-age/length-forage in children < 2 years old or optimal BMI in older children and We recommend assessment of bone mineral density using dual-energy X-ray absorptiometry (DXA), for all patients from 8 to 10 years of age every 1e5 years, depending on the age of the patient, value of the previous scan, and presence of risk factors. For patients younger than 20 years of age whose height is more than one standard deviation below age and sex matched healthy controls BMD Z score should be adjusted for height or statural age to avoid over estimating deficits in BMD in people with short stature [71] . We suggest consideration of assessment of body composition in all patients using methods such as DXA, anthropometry, bioelectrical impedance, air displacement plethysmography, double labeled water measurement and hand grip strength (Grade of evidence: low) Nutrition monitoring Children and adults
We suggest care managers consider annual nutritional review with blood tests (blood count, iron status, plasma fat-soluble vitamin levels, plasma or serum phospholipid fatty acid patterns, serum liver function, and electrolyte measurements).
Monitor pancreatic enzyme replacement therapy (PERT) and vitamin levels 3e6 months after initiation or change in dosage. We recommend care managers consider the following assessments, as they are markers of risk for malnutrition: Measurement of pulmonary function (forced expiratory volume in 1 s, FEV 1 ) at least every 3 months for most patients For pancreatic-sufficient children and adults, we suggest annual assessment of pancreatic function by fecal pancreatic elastase-1 determination, with the test repeated if growth and/or nutritional status is/are inadequate. We recommend assessing for PERT need or adequacy of treatment by monitoring growth and/or nutritional status; we recommend monitoring every 3 months for adolescents, and every 6 months for adults. 72-hour fecal fat measurement and the calculation of the coefficient of fat absorption may be used in patients whose nutritional status is questionable. (Grade of evidence: low) Dietary review Children and adults
We recommend that children undergo dietary review at least every 3 months, including questions about adherence to dietary advice. For adults, such reviews should be conducted at least every 6 months.
(Grade of evidence: low)
adults correlate with better FEV 1 status [29] . As such, nutritional intervention for weight gain and growth improvement is expected to improve FEV 1 in individuals who are underweight or small-forage; direct studies are needed. We recommend pulmonary function testing at least every 3 months [32, 44] .
Pancreatic function
Inadequate function of the pancreas contributes to malnutrition in CF patients. Evidence of pancreatic insufficiency (PI), i.e. a deficit of digestive enzymes, underlies inadequate energy absorption by infants, children, or adults. PI occurs when postprandial enzyme output is 10% of normal [72] . PERT is used to treat PI in infants, children, and adults [29, 62, 63] . Dosages are determined primarily by lipid content of the diet and amount of lipase needed.
PI is diagnosed by low levels of measured fecal pancreatic elastase-1 (<100 mg/g stool) and occurs in 85e90% of patients [38] .
PI often evolves in the first year of life [62] , and is a major reason for failure-to-thrive in infancy, when up to 80% of fat is excreted in stools because of lipase deficiency [38] . Pancreatic enzyme function can be better estimated by a fat balance study with assessment of dietary fat intake and fat excretion over 3 days [11] and determination of the coefficient of fat absorption. Some CF patients who are initially pancreatic-sufficient (PS) later become PI as CF disease causes progressive pancreatic damage. For pancreatic sufficient infants and children, we recommend annual assessment of pancreatic function by fecal pancreatic elastase-1 determination, with the test repeated if growth is inadequate [62, 63] . We recommend monitoring growth and/or nutritional status at regular intervals to determine the need for PERT or adequacy of treatment [32] e at every clinic visit for infants, every 3 months for older children and adolescents, and every 6 months for adults.
Liver function
Significant liver disease occurs in 10% of CF patients. Malnutrition is a common problem in people with CF liver disease. Nutritional support is therefore an integral part of the management of liver disease. It is important to monitor liver function as a part of disease management [73] . CF-related liver disease should be considered if at least 2 of the following variables are present: abnormal physical examination (hepatomegaly), persistently abnormal liver function test results and or pathological ultrasonography. If there is diagnostic doubt, a liver biopsy may be indicated [37] . Debray et al. defined abnormal liver function as increases in transaminases (aspartate transaminase and alanine transaminase) and gamma-glutamyl transpeptidase levels above the upper normal limits in at least 3 consecutive determinations over 12 months after excluding other causes of liver disease [37] .
In order to detect pre-symptomatic signs, we suggest care managers consider annual screening for liver disease with physical examination for signs, enzyme assays, and ultrasound [37] . If early signs of liver disease are detected, refer to best practice guidelines for management of liver disease [37] .
Nutrition monitoring in pregnancy
We recommend increasing the frequency of monitoring in patients planning a pregnancy and in pregnant patients [16, 74] , and we recommend close follow-up after delivery. Breastfeeding increases nutritional demands on the lactating mother and may need to be discontinued in women with a marginal nutritional status or malnutrition [16] .
Preventing undernutrition: feeding people with CF
The association between good nutritional status and favorable CF outcomes inspires clinicians to be attentive to the nutritional care as a mainstay of CF treatment. This association also motivates parents and patients to adhere to nutrition recommendations, i.e., balanced and high-energy intake and appropriate PERT.
Feeding the newly diagnosed infant
It is important to identify CF in the first days of life with newborn screening so that medical and nutritional intervention can start immediately, in order to reduce the risk of failure to attain normal growth. While infants with CF may appear well, subtle early changes require careful monitoring and timely intervention to manage properly [62, 63] . Currently, there is a lack of high quality evidence to support nutritional recommendations for infants newly diagnosed with CF [75] . For that reason, it is appropriate that infants identified with CF be given the opportunity to participate in randomized controlled trials to increase the evidence base for the most adequate nutritional management of infants with CF.
We recommend exclusive breastfeeding for newly diagnosed infants with CF [62, 63] . A retrospective analysis of infants with CF found that those who were breastfed had better lung function and fewer infections that those who were not [76] . The authors suggested that this may be due to improved immune function and direct delivery of docosahexanoic acid (DHA) to the infant. When breastfeeding is not possible, we recommend the use of a regular infant formula. There is no evidence to support the routine use of a high energy or hydrolyzed formula, though they may be of value in some infants e.g. those with poor growth or with malabsorption that is not related to CF [63] . Additional sodium supplementation may be required in both formula or breastfed infants (see below).
Solids should be introduced at the same age as recommended for the non CF population. We recommend nutrition counseling for all families of infants with CF to teach appropriate feeding strategies, as part of multidisciplinary care for newly diagnosed infants [63] .
Guidelines: Feeding infants newly diagnosed with CF
Feeding children and adults
Nutrition counseling
Dietary counseling is essential throughout early childhood when long-term feeding habits are being established [32] . Advice from a CF dietitian should be tailored to the individuals' age and evolving independence, clinical status, and support the goal of self-care [77] . All young children are sometimes reluctant to try new foods, and have negative interactions with their parents during mealtimes. Left uncorrected, feeding problems may develop, which can jeopardize the child's caloric intake [78e81] . Therefore, we also recommend behavioral counseling to achieve and maintain healthy feeding and eating behaviors in at-risk children. Disturbed eating behavior has also been documented in adults and this may also need addressing (for references, see the "Behavioral intervention" section in the "Feeding undernourished We recommend newborn screening and early management of CF to reduce the risk of malnutrition. (Grade of evidence: low) We recommend exclusive breastfeeding for newly diagnosed infants with CF, and we recommend a regular infant formula if breastfeeding is not possible. (Grade of evidence: low) We recommend nutrition education and behavioral counseling for all families of infants with CF. (Grade of evidence: high) patients with CF" chapter).
Guideline: Nutrition counseling
Energy and macronutrients
Nutritional guidelines for children and adults with CF have traditionally focused on meeting body weight or BMI targets by increasing fat intake to achieve energy balance and improve survival [18, 29] . Loss of lean body mass is reported in adolescents and adults with CF [24] , and EFA abnormalities are common in infants and children with CF [11] . As nutritional care advances to reflect new knowledge, it is important to consider dietary recommendations for protein intake and fatty acid supplementation.
Energy targets
People with CF may need higher energy intake than the general population to achieve normal growth in children and adequate nutritional status in adults. European guidelines recommend that energy intake for people with CF range from 120 to 150% of energy needs for the healthy population of similar age, sex, and size [11] . US recommendations cite similarly high energy intakes (110%e200% of energy needs for the healthy population) for increasing weight [29] . A normal nutritional status may warrant intakes closer to normal. Indeed energy needs vary greatly between individuals depending on degree of malabsorption, lung function, level of chronic inflammation, and presence of acute respiratory exacerbations [11] .
In people with CF, compensatory mechanisms appear to play roles in releasing energy from food sources, e.g., food breakdown by salivary amylase, gastric lipase and pepsin, and by colonic microbiota [23] . Such mechanisms are less efficient than usual digestive pathways, necessitating higher dietary intake. (Table 6) 3.3. Specific macronutrient targets
Guidelines: Energy intake
Balancing protein and fat intake
The European Food Safety Authority (EFSA) recommends a population reference intake (PRI) of 0.83 g of protein/kg body weight per day in adults [82] . Protein needs are likely to be higher for individuals with CF compared to non-CF individuals, i.e., 20% or more of macronutrient intake, consistent with protein intake needs for individuals with other inflammatory diseases [24] . Current consensus guidelines recommend that children with CF consume 35e40% of their caloric intake from fat, 20% from protein and 40e45% from carbohydrates [24, 27, 83] . Adequate supplies of energy are essential to spare protein breakdown and compensate for high linoleic acid turnover [26] .
The long-term health effects of overweight and obesity suggest that balanced intake of protein and fat should be maintained when overall energy intake is increased. Researchers suggest that some saturated fats in the diet may have potential to increase long term risk for cardiovascular disease [17, 84] . Furthermore, high fat mass but low lean body mass (muscle) does not necessarily correlate with better lung function, and in fact predicts poor CF disease prognosis [24] .
We cannot presently make evidence-based recommendations for daily protein intake of patients with CF [24, 29] ; further studies are needed to develop such guidelines for protein thresholds in children and adults. Engelen and colleagues advise that determining the optimal protein needs depends on each individual's condition [24] .
Minerals, trace elements, and vitamins
Electrolytes, minerals and trace elements
Patients with CF may have higher than normal requirements for salt, calcium, iron, zinc, and selenium as a consequence of the increased sweating, intestinal malabsorption, and chronic inflammation that are common in CF.
3.4.1.1. Sodium. Excessive salt loss in sweat can result in inadequate levels of sodium in people with CF of all ages [85] .
There is risk for sodium loss in hot environmental conditions, body fever, rapid breathing, and fluid loss due to diarrhea, vomiting, or stoma output [25, 63] . Sodium deficiency can be a particular problem for infants, as it can lead to impaired growth [62, 63, 86, 87] . Furthermore, the sodium content of breast milk and standard infant formula is relatively low (<7 mmol/L in breast milk, and <15 mmol/ L in formula) [87, 88] ; most first baby foods also have low sodium content [62] .
3.4.1.2. Infants. The 2002 European and UK consensus guidelines for the management of CF patients note infants may be at a particular need for sodium supplementation, but the guidelines do not recommend routine supplementation [10, 11] . The North American evidence-based guidelines for the management of infants with CF recommend routine sodium supplementation for all infants with CF, to a maximum of 4 mmol/kg body weight/day [62] .
These guidelines recommend assessing infants' needs for sodium supplementation on an individual basis, taking climate and sodium losses into consideration. In most cases, supplementation with 1e2 mmol/kg body weight/day of sodium should correct deficiency [63] although more may be required, with or without We recommend nutrition education and behavioral counseling for patients with CF and their families to achieve and maintain healthy feeding/eating behaviors. (Grade of evidence: high) Table 6 Energy intake for people with CF: consensus guidelines.
Age Energy target Detail
Infants and children 2 years 110%e200% of energy requirements for same-age healthy infants and children
Energy intake should be adapted to achieve normal weight-and length-for-age percentiles [29, 63, 82] . Children 2e18 years 110%e200% of energy requirements for same-age healthy children Energy intake should be adapted to achieve target BMI percentile tailored to one-year age intervals [27, 29, 82] . Adults >18 years 110%e200% of energy requirements for same-age healthy population to maintain BMI targets Energy intake should be adapted to achieve BMI targets [29, 82] .
We suggest adjusting energy intake upward to achieve normal growth and nutritional status while avoiding obesity We recommend energy intake targets by age We recommend consideration of macronutrient balance goals, especially protein and fat. (Grade of evidence: high for increased energy intake; low for macronutrient balance) hot weather [25, 86] . Salt (sodium chloride) should be given in small portions throughout the day, diluted in water or formula.
3.4.1.3. Older children and adults. While a Western diet with processed foods provides adequate sodium for most older children and adults [89] , fever, exercise, or hot weather can lead to deficits.
We suggest the need for sodium supplementation can be assessed by measuring fractional excretion of sodium (FENa); maintain a FENa level between 0.5% and 1.5%. For routine practice, a urinary sodium: creatinine ratio is easier to measure and correlates with FENa (corresponding range 17e52 mmol/mmol) [86] . If supplementation is necessary, sodium chloride capsules (or sodium chloride doses distributed in vials) can be administered several times a day.
Guidelines: Salt Supplementation:
We recommend specific levels of salt supplementation depending on age and situation (Table 7) . To convert mmol to mg of sodium, chloride, or sodium chloride, multiply mmol by 23, 35, or 58 (the molecular weights of sodium, chloride, and sodium chloride), respectively. In ¼ teaspoon salt, about 25 mmol or 575 mg of sodium is delivered.
Calcium
Calcium, important for bone health, can be in short supply in people with CF due to deficiency of vitamin D (a fat-soluble vitamin) and low intake of dietary calcium [90] . Other contributors to negative calcium imbalance include gastrointestinal malabsorption that may not be fully corrected [70] by PERT and increased endogenous fecal calcium loss [91] .
Calcium intake should be assessed at least annually [71] , and more frequently in children with abnormal growth rate, weight stagnation, or weight loss. Currently, no simple test of calcium status is available in clinical practice [71] . Daily calcium intakes should at a minimum achieve dietary intake recommended by the European Food Safety Authority (Table 8 ) [92] .
Those with suboptimal calcium intakes should increase dietary intake of calcium, mainly dairy products such as cheese [90, 93] . If necessary, calcium supplements can be given [71, 93] . It is important to provide enough PERT to maintain lipolysis so calcium will not be excreted in soaps.
Guidelines: Calcium
Iron
Iron deficiency is common in people with CF, ranging from 11% of children [94] , to over half of stable adults with CF [95] . CF patients with plasma iron deficiency tend to have iron deficiency anemia, poor lung function and overall health [95] , and children may have poor appetite [9] . Multiple factors can contribute to iron deficiency, including malabsorption, chronic infection and inflammation, chronic blood loss, and inadequate intake [96] . Monitoring iron levels is complicated by infection, which influences serum ferritin and transferrin; serum transferrin receptors (sTfR) are not affected by inflammation, and are thus a more accurate measure of iron level, but a test for sTfR is not widely available [9, 97, 98] . For CF patients with iron deficiency, we suggest resolving underlying inflammation [99] , and supplementing with iron only if the deficiency persists.
We suggest monitoring child, adolescent, and adult patients annually [9] for anemia by first determining serum iron values. If serum iron values are low, it is necessary to use another measure to differentiate between iron deficiency anemia (IDA) and anemia of chronic inflammation (ACI). As shown ( Table 9 ), levels of serum ferritin, total iron binding capacity (TIBC), or transferrin saturation can facilitate differentiation between anemia due to iron deficiency versus anemia resulting from chronic inflammation [96, 100] . When 
Monitoring:
We suggest that the need for salt/sodium supplementation can be assessed by measuring fractional excretion of sodium (FENa) and maintaining a FENa level between 0.5% and 1.5%. For routine practice, a urinary sodium: creatinine ratio is easier to measure and correlates with FENa (corresponding range 17e52 mmol/mmol).
Supplementation:
We IDA and ACI are both present, serum ferritin and TIBC may be increased, decreased, or within the normal range, due to offsetting influences of the two conditions.
Guidelines: Iron
Zinc
Zinc status in people with CF has been variously reported as adequate and low, depending on the study [101e103] . This may be a result of measuring plasma zinc levels, the method used in most studies, which is not a sensitive marker of zinc status and is highly variable under different conditions. Use of PERT can improve zinc absorption [11] . Zinc deficiency can be associated with a broad range of symptoms in CF, including growth retardation, increased susceptibility to infections, delayed sexual maturation, eye problems, and anorexia caused by reduced sense of taste (hypogeusia) [104] .
We suggest zinc supplementation for people with CF who are at risk of zinc insufficiency (Table 10) .
Zinc insufficiency may be evidenced by insufficient growth in infants or children with CF, and vitamin A deficiency or steatorrhea in people of any age who have CF [11, 62] . Like all mineral supplements, zinc is best tolerated in divided doses [62] .
Guideline: Zinc
Glutathione
There are no data supporting the use of glutathione therapy in CF patients [105] .
Selenium
Dietary selenium is important as an essential constituent in the antioxidant glutathione peroxidase [106] , and plays an important role in immune responses. Though selenium status has been reported to be low in some people with CF, this element has a narrow therapeutic range and fatalities have been reported with inorganic selenium supplementation in people with CF [38] . At the same time, some pancreatic enzyme replacement preparations contain selenium in adequate and safe amounts [107] . We do not suggest routine supplementation of selenium [62] outside of very limited geographical areas where low serum selenium can result from low selenium content in soil and agricultural products [11, 108] .
Guideline: Selenium 3.5. Fat-soluble vitamins (Table 11) The disturbed mechanism of fat absorption resulting from pancreatic insufficiency can cause people with CF to become deficient in fat-soluble vitamins, particularly vitamins A, E, and K. Without adequate sun exposure, these individuals can also become vitamin D deficient [38] . Even people with CF who are pancreatic sufficient have been shown to be at risk for deficiencies of fatsoluble vitamins [109] .
Fat-soluble vitamin deficiency is common, occurring in 10e35% of children with pancreatic insufficiency [110] . It is unusual, however, for people with CF to show clinical signs of overt deficiency. Instead, the goal of evaluation and treatment is to correct suboptimal levels and achieve optimal biochemical values of these vitamins [111] . Plasma levels of fat-soluble vitamins should be measured at least annually in all people with CF [11] .
For pancreatic insufficient patients, we recommend evaluating plasma levels of fat-soluble vitamins after initiation of enzyme and vitamin supplementation; 3e6 months after initiation or change in vitamin therapy; and annually thereafter [11, 65, 112] . Vitamin supplements should be taken together with high fat food and pancreatic enzyme supplements to improve absorption. When biochemical deficiency is detected despite adequate vitamin supplementation, poor adherence or poor absorption of supplements must be ruled out before adjusting the dosage. For pancreatic sufficient patients, we recommend assessing vitamin sufficiency annually using plasma levels.
3.5.1. Vitamin A Vitamin A deficiency in CF is common, and has been reported in 10%e40% of patients with CF [113, 114] . It can occur independent of age, nutritional status, meconium ileus, disease severity, genotype, and exocrine pancreatic function [115] . For people with CF, low vitamin A levels are associated with poorer clinical status, impaired lung function, and increased pulmonary exacerbations [116] . Symptoms of clinical deficiency are extremely rare. Reports include benign intracranial hypertension (pseudotumor cerebri) or uni-or bilateral facial palsy in an infant [117] , and xeropthalmia, which can progress to conjunctival dryness, and ultimately corneal ulceration and blindness [118] .
Low plasma vitamin A levels can occur in pancreatic insufficient patients on PERT and in pancreatic sufficient patients [115] . This deficit may be a consequence of disturbed mobilization of hepatic stores due to reduced levels of retinol binding protein (RBP) [119] that can occur in advanced liver disease, malnutrition, or zinc deficiency [118] . When severe liver disease is present and retinol binding protein (RBP) is low, supplementation should be reduced to avoid dangerous hypervitaminosis [120] .
We recommend vitamin A supplementation that aims to achieve the normal range of serum retinol concentrations for healthy people; the normal range is advised by the laboratory performing the assay [114] . Using retinol, start with a low dose; increase dose as guided by serum values. Beta carotene is a precursor to vitamin A, and in contrast to preformed retinol, is subject to negative feedback control and therefore may be safer to use [111, 121] . Alternatively, a daily provitamin beta carotene dose of 1 mg/kg body weight/day for 12 weeks, followed by a maintenance dose (maximum of 10 mg/day) was found to be efficacious and safe for children aged 6e18 years [122] .
We recommend monitoring serum levels to guide initial and continuing vitamin A supplement doses [9, 11] . Once normal vitamin A levels are achieved, we recommend annual serum monitoring [9, 11] . Serum vitamin A levels do not correlate well with tissue concentrations of vitamin A, and should not be assessed during the acute phase of infection when serum retinol concentrations fall in response to inflammation [45, 123] .
High retinol serum concentrations indicate a risk for toxicity, which can lead to liver fibrosis, lower bone mineral density and increased risk of fractures [114] . Studies show that a majority of people with CF who were clinically stable exceeded the recommended upper limit of intake for vitamin A from supplements and their regular diet; and supplementary vitamin A was unnecessary in 20e25% of them [114, 124] .
The potential toxicity of vitamin A is a concern. It is important to factor in dietary intake when determining supplement dosing to avoid harmful vitamin A toxicity [111, 114, 124] . In addition, the risk of hypervitaminosis A is higher with water-miscible and watersoluble forms than with oil-based supplements [125] .
An adequate supply of vitamin A is important prior to and during pregnancy, but special consideration should be given to the dose, since both hyper-and hypovitaminosis A can cause harm to the mother and her fetus [126, 127] . We suggest assessing vitamin A intake and blood levels before conception or early in pregnancy, and keeping intakes below 10,000 IU/day [16] . If plasma levels are low, consider both the benefits and risks of supplementation to both mother and fetus. Guidelines: Vitamin A 3.5.2. Vitamin D Vitamin D plays a major role in intestinal calcium absorption, and deficiency of this vitamin is one of several factors that can contribute to reduced bone mineral density in people with CF [128] . Vitamin D deficiency is common and has been reported in 22% of infants with CF at newborn screening [113] ; and more than 90% of older children and young adults with CF were found to have suboptimal levels of 25-hydroxy vitamin D (25(OH)D) [129] .
The major source of vitamin D, exposure of skin to sunlight, can vary widely between individuals and available sunlight, which in turn depends on geographical latitude [130] . The best indicator of vitamin D status is serum 25(OH)D [131] .
There is lack of consensus on optimal serum concentrations of vitamin D. A recent review found that people with CF who receive vitamin D supplements have significantly higher 25(OH)D levels, but found no evidence of clinical benefit or harm [5] . The US Cystic Fibrosis Foundation recommends levels above 30 ng/mL (75 nmol/L), assuming this level offers extra skeletal health benefit [128] . The European Cystic Fibrosis Bone Mineralization Guidelines recommend a minimum serum 25(OH)D threshold of 20 ng/mL (50 nmol/L) [71] .
We suggest supplementation of vitamin D for people with CF to maintain serum 25(OH) concentration above 20 ng/mL (50 nmol/L) [132e134]. The supplemental dose should take into consideration dietary intake and sunlight exposure of the individual patient [130] . We recommend that pregnant women take additional vitamin D supplement of 600 IU (15 mcg) per day [134] . Our recommendations are consistent with European recommendations on Tolerable Upper Limits and with other cystic fibrosis nutrition guidelines [131, 132] . While there is some debate, vitamins D 3 is preferred over D 2 for supplementation in people with CF [131, 135] . We recommend serum monitoring of 25(OH)D annually [25] , preferably at the end of dark months, as well as 3e6 months after a dosage change [131] .
Guidelines: Vitamin D
There is ongoing debate about the optimal dosing regime and most efficacious formula for vitamin D supplementation [136] . Recent research considered an alternative method for dosing vitamin D supplements. Shepherd and colleagues demonstrated that a single high oral dose of cholecalciferol (vitamin D 3 ), known as "Stosstherapie" (from the German word for "push therapy"), in conjunction with maintenance vitamin D therapy, can safely elevate and maintain an elevated 25(OH)D level above 75 nmol/L over a 12 month period in children with CF [136] .
A recent review considered the chronic suboptimal vitamin D levels in many people with CF despite supplementation regimens. The authors hypothesized that the bioavailability of vitamin D is impaired in these patients due to mechanisms beyond the current understanding of maldigestion and malabsorption of fat. The authors suggested that vitamin D status may influence the strength of respiratory muscles; lung structure and function; infection-fighting capability; and insulin secretion [137] .
Vitamin E
Alpha-tocopherol (a-tocopherol), the major compound of vitamin E, is the primary scavenger of free oxygen radicals, and thus helps protect fatty acids from oxidative damage and preserve cellular membranes. Clinical deficiency of vitamin E can lead to serious consequences such as hemolytic anemia, neuromuscular degeneration, and retinal and cognitive deficits [11] . Biochemical deficiencies of vitamin E are commondup to 23% in newly diagnosed infants [113, 115] , and 14% in older children [110] , leaving plasma lipids in these patients vulnerable to oxidative damage [11] . An individual's requirements for vitamin E increase with oxidative stress during pulmonary exacerbations of CF and with aging [138] . Chronic respiratory infection and inflammation increase oxidative stress, which further suppresses CFTR function [139] , making adequate supplies of vitamin E even more important.
Four studies of vitamin E supplementation in people with CF show supplementation can increase serum vitamin E levels, but direct evidence demonstrating clinical benefit is not currently available [123] . The risks and benefits of long-term exposure to high serum levels of vitamin E in this population should also be investigated [140] . We suggest regular supplementation of vitamin E (a-tocopherol) for people with CF to maintain serum a-tocopherol levels in the normal range [11] .
Because bile acids are essential for absorption of vitamin E, patients with cholestasis will need to use a water-soluble preparation [141] .
Traditionally, serum levels less than 300 mg/dL indicated deficiency [113] . Since vitamin E levels follow those of lipids, determination of the plasma a-tocopherol:total lipid ratio has been advised as an index of true vitamin E status [11] . This approach helps overcome the concern that some physiological conditions can lead to an appearance of high or low vitamin E levels. Vitamin E levels may seem low because of hypolipidemia. On the other hand, vitamin E levels may appear high as CF survival increases and elevation of certain lipids become more common in older surviving patients [33, 142] . In such situations, it may be more accurate to use a-tocopherol:total lipid ratio (in fasting samples), or a-tocopherol:cholesterol or a-tocopherol:polyunsaturated fatty acids ratios (in non-fasting samples). While a serum a-tocopherol:cholesterol ratio of 2.47 mg/g is accepted as the lower limit of normal in healthy people, a higher cutoff ratio of 5.4 mg/g is suggested in CF [140] . We suggest that vitamin E levels be assessed at least annually in all people with CF [9, 11] , and 3e6 months after a dosage change [143] . Nevertheless, debate continues about whether to use plasma/serum a-tocopherol levels or serum a-
Supplementation:
e We suggest vitamin A supplementation that aims to achieve the normal range of serum retinol concentrations for healthy, same-age individuals.
e We recommend assessment of vitamin A intake and blood levels in women before conception or early in pregnancy. We suggest consideration of the benefits and risks of supplementation to both mother and child if plasma levels are low, and keeping vitamin A intakes in these women below 10,000 IU/day. Monitoring: tocopherol:cholesterol ratio as a biomarker for assessment of vitamin E status.
Guidelines: Vitamin E
Vitamin K
Vitamin K status is often suboptimal in people with CF, and appears to be deficient in all patients with CF-related liver disease [110, 144, 145] . Vitamin K plays a role in blood clotting and bone health [108] , and deficiency can result in clinically significant bleeding (e.g., intracranial hemorrhage in infants), and may contribute to low bone mineral density [71, 146] . Vitamin K deficiency has been attributed to fat malabsorption, long-term antibiotic use, and liver disease [145] . All exclusively breastfed infants with CF (like their healthy peers) should receive vitamin K supplementation.
There are no routinely used biochemical indicators of vitamin K status. It can be evaluated by measuring serum concentrations of vitamin K, PIVKA-II (protein induced by vitamin K absence) and undercarboxylated osteocalcin, but these markers are not usually measured in routine clinical practice due to cost. Prothrombin time can be measured but is insensitive, only becoming elevated in severe deficiency [71] .
Vitamin K1 (phytomenadione, phylloquinone), the form of vitamin K present in green leafy vegetables and vegetable oils, is recommended as the safest form of supplementation, and preferred over menadione salts. In a small but well-performed study, a daily dose of 5 mg vitamin K 1 was shown to increase the serum level of vitamin K 1 in children with CF [147] .
There is insufficient evidence to determine the most effective dosing for vitamin K 1 supplements [71] . At this time, we suggest regular supplementation of vitamin K 1 at 0.3e1.0 mg/day for infants [71] . For older children and adults, we suggest 1e10 mg/day of vitamin K 1 depending on age (Table 11) [71, 144] . Higher doses may be considered for those with low vitamin K levels or with higher risk, for example due to long term antibiotic use [148] . Daily administration is preferred because of the low storage capacity of vitamin K [147, 148] .
Special attention should be paid to CF newborns, exclusively breastfed CF infants, and people with CF receiving broad spectrum antibiotic treatment, those with liver disease, or severe malabsorption [11] . Vitamin K toxicity (phylloquinone) is not a concern, as there are no known adverse effects of supplementation [108] .
Guidelines: Vitamin K 1 3.6. Water-soluble vitamins (Table 11) Deficiency of water-soluble vitamins (folic acid, vitamin B 12 , and vitamin C) is rare in uncomplicated CF. However, for all women planning to become pregnant, we recommend a daily supplement of 400 mcg of folic acid in the preconceptional period and throughout the first trimester to prevent neural tube defects [16] . Deficiency of vitamin B 12 may occur in patients who have undergone extensive resection of the terminal ileum related to complicated meconium ileus. Some will need lifelong treatment of 100 mg of B 12 per month, administered via the parenteral route. Vitamin C supplementation may be necessary for those at risk of deficiency due to low dietary intake of vitamin C-rich foods (especially vegetables and fruits). In these cases, dietary guidance should be given, and if deficiency persists, a vitamin C supplement is appropriate.
Guideline: Folic acid
Treatment of pancreatic insufficiency
PERT is vital to maintain adequate nutritional status; the efficacy of this treatment is well established [8,29,62,63,97,149e154] . PERT involves oral administration of pancreatic enzymes, especially protease and lipase, in order to have enzymes in the duodenal lumen for digestion of proteins and fat delivered by gastric emptying [155] .
Pancreatic enzymes are usually given orally as enteric-coated tablets or microspheres, thus preventing their inactivation by gastric acid and ensuring delivery of active enzymes to the duodenum [156] . Enteric-coated microspheres may be more effective than enteric-coated tablets [8] . Addition of proton pump inhibitors may improve effectiveness of PERT. Our consensus doses are consistent with those of the North American CF Foundation guidelines for lipase intake by age of the patient, by body weight, and by grams of fat ingested per day (Table 12 ); for infants [62] , these doses are also consistent with another recent European consensus guideline [63] .
In clinical practice, administration of enzyme microspheres to infants can be difficult. If the infant refuses to take the enzyme microspheres from a spoon with a little expressed breast milk or formula, administration with an acidic puree e.g. applesauce may be successful. If the infant still refuses the microspheres the use of unprotected powder enzymes may temporarily need to be considered. Pancreatic enzymes should never be added to the infants' feed. For patients of all ages, powder enzymes can be used to help digest enteral tube feedings, e.g., when oral administration of enzymes is not possible, or when jejunostomy feeds are required. Enzymes given in this situation should not be mixed with the feed; they should be administered as bolus doses through the enteral feeding tube. When unprotected powder enzymes are used addition of a proton pump inhibitor may help to prevent destruction of lipase by gastric acid. For small children, enteric coated pancrelipase enzyme preparations have been shown to be safe, effective and preferred by parents [151,157e161] .
There is no evidence on the optimum time to start treatment or on how to adjust dosages of enzymes for people with different severity of pancreatic insufficiency; well-designed trials are needed to answer these questions [8] .
For those being treated with PERT, we recommend monitoring at growth and/or nutritional status at regular intervals to determine the adequacy of treatment [32] e at every clinic visit for infants, every 3 months for older children and adolescents, and every 6 months for adults.
Supplementation:
We suggest regular supplementation of vitamin E to maintain serum a-tocopherol:cholesterol ratio above 5.4 mg/g.
Monitoring:
We suggest serum monitoring at least annually and 3e6 months after a dosage change. (Grade of evidence: low)
Supplementation:
We suggest regular supplementation of vitamin K 1 in doses according to age or risk: for infants, 0.3e1 mg/day; for older children and adults, 1e10 mg/day. (Grade of evidence: low)
For women planning to become pregnant, we recommend a daily supplement of 400 mcg of folic acid in the preconceptional period and throughout the first trimester of pregnancy. (Grade of evidence: low)
Guidelines: Pancreatic enzyme replacement therapy
Feeding undernourished people with CF
Malnutrition, as defined in Table 13 , remains a problem for many people with CF despite the continued improvement in respiratory and nutritional management over recent decades [29, 30] . People with CF should be monitored frequently, and growth and nutritional status assessed (see Assessment of nutritional status) so that deficits can be identified and treated early. Impairment of growth despite adequate PERT and lung treatment can be attributed to insufficient overall energy intake but can also suggest EFA deficiency [162e164]. Nutrition support should be tailored to individual patient needs, taking into account age, nutritional and pancreatic status, home setting, religious and cultural dietary beliefs, and food preferences.
Controlled studies measuring efficacy of interventions for malnutrition in CF are limited or lacking, as highlighted in Cochrane reviews [7, 165] . In absence of data, current nutrition guidelines from Europe, the UK, and the US [9e11], and this guideline provide recommendations for prevention strategies based primarily on expert consensus.
Progression and intensified feeding
Earlier nutrition guidelines used weight, stature, and weight for stature as cut off or decision points for determining when to intensify nutrition intervention [9, 11, 65] . More recently, Stallings et al. recommended using BMI percentiles (children) and BMI values (adults) as more accurate predictors of nutritional risk, and these guidelines adopt that approach for decision points (Table 13 ) [29] . Other triggers for anticipatory nutrition guidance and/or intervention are patients who are at risk of energy imbalance, experience recurrent pulmonary infections, or are entering periods of rapid growth [38] .
It is important to address factors that contribute to malnutrition. These include chronic bacterial infection of the lungs, impaired glucose tolerance, and disorders likely to decrease energy intake (e.g., gastro-esophageal reflux disease/esophagitis, recurrent abdominal pain, celiac or Crohn's disease, eating pattern disorders, and depression).
A single evaluation of weight-for-length or BMI percentiles (BMIp) should be used only to screen children for nutritional risk using the cut-off proposed in Table 13 . However, this approach does not provide a complete picture of the child's growth. Serial measurements over time are more informative and reflect the child's growth pattern [166] . A sharp decline or flattening of the curve could be considered a signal of failure-to-thrive, except in the first 2 years of life and in puberty, when crossing percentile curves may be normal.
Guidelines: Nutrition intervention 4.1.1. Diet modification 4.1.1.1. Infants. Energy intake should be increased for breastfed infants who have poor weight gain despite efforts to optimize PERT, by providing more frequent feedings and fortifying expressed breast milk [25] . For formula fed infants, energy and protein intake can be increased by using high-energy/protein infant formula or considering a more concentrated feed, providing the latter is carefully supervised by a physician or CF dietitian. If linoleic acid is supplied, the general energy intake may not need to be increased [164] .
4.1.1.2. Children and adults. Undernourished children and adults can increase their energy intake by eating more or more often, by fortifying food (i.e., add extra oil or fat), and by consuming more calorie-dense foods. These patients should be encouraged to eat a high fat diet with the liberal use of high fat snacks if weight gain is poor. CF dietitians can give advice on foods that can enhance weight gain, including the addition of linoleic-rich vegetable oils, butter, oil, cheese and cream to foods. Encouraging small frequent meals and snacks can also help. Linoleic acid supplementation may reduce the need for general high-energy supplements [168] . As discussed in previous sections, there are concerns that increased energy intake results in increased consumption of some dietary saturated fats and trans fatty acids, which may potentially increase risk of cardiovascular disease [17, 24, 84, 169] . Preference should be given to fats with unsaturated fatty acids to avoid the potential risk.
Table 12
Pancreatic enzyme lipase replacement therapy: consensus guidelines [11, 62, 63] . We recommend pancreatic enzyme replacement therapy (PERT) for all patients who have evidence of pancreatic insufficiency. We recommend monitoring of growth and/or nutritional status at regular intervals to determine the adequacy of PERT; monitor at every clinic visit for infants, every 3 months for older children and adolescents, and every 6 months for adults. (Grade of evidence: low)
We recommend nutrition intervention based on a full review of nutrition status, including a detailed review of pancreatic enzyme replacement therapy (PERT), and correction of any underlying medical conditions. (Grade of evidence: high) We recommend using age-appropriate BMI-related thresholds for deciding when to advance nutrition intervention (Table 13 ). (Grade of evidence: high) We recommend a progressive approach to intensification of nutrition interventions as needs increase: preventive nutritional counseling, dietary modification and/or oral nutrition supplements, and enteral tube feeding. (Grade of evidence: low)
Guideline: Dietary intake
Behavioral intervention
Dietary counseling is essential throughout early childhood when long-term feeding habits are being established. All young children are sometimes reluctant to try new foods, and have negative interactions with their parents during mealtimes. Left uncorrected, feeding problems may develop, which can jeopardize the child's caloric intake [78e81] .
Providing parents with behavioral strategies and nutrition education has been shown to be more effective in improving energy intake and growth of children than nutrition education alone [10,11,29,62,170e173] . Some of these strategies include limiting mealtimes to 15 min for toddlers, using mini-meals, and complimenting appropriate eating behaviors [62] . Coordinated advice from a behavioral counselor and a dietitian can be very helpful.
Body image issues are a problem among young people with CFdincluding children, adolescents, and young adultsdparticularly those also receiving enteral tube feeding [174] . Formal eating disorders are uncommon in patients with CF, though disturbed eating patterns are reported [175] . While enteral tube feeding may alter a young person's body image, there are also reports of improved lung function and quality of life with gastrostomy placement [43, 176] .
Guideline: Nutrition education and dietary counseling
Oral nutritional supplements (ONS)
Oral nutritional supplements (ONS) may be beneficial for patients whose nutritional status remains poor despite efforts to encourage a higher dietary intake, address any related health factors or behavioral concerns that could contribute to malnutrition, and optimize PERT [29, 32, 65] .
A recent review of three randomized clinical trials (total of 131 patients) found ONS do not promote additional weight gain in moderately malnourished children with CF compared to dietary advice and monitoring alone [7] . The use of oral nutritional supplements in adults with CF has not been adequately studied. Given the limited evidence, results of the Cochrane review should be interpreted with caution and do not mean that these supplements are not beneficial to all patients. In clinical practice, short term use of individually prescribed supplements have been shown to increase energy intake and weight in undernourished patients [163, 177, 178] . Furthermore, supplements may also be used to improve the status of specific nutrients e.g., EFA [163, 179, 180] .
To ensure ONS provide additional nutrition and does not replace meals, attention to quantity and timing of supplement intake is important. The wide variety of forms and flavors now available improves the likelihood of finding a product that appeals to personal preferences, and minimizes taste fatigue often reported with long term supplement use.
Guideline: Oral nutrition supplements
Tube-feeding (enteral nutrition)
When an oral diet and supplements fail to achieve adequate nutritional status, many CF centers use enteral tube feeding. Use of tube feeding reportedly improves weight gain, nutritional status [165,181e186] , and respiratory status [165, 181, 183, 184, 187] . Despite the widespread use of tube feeding for people with CF, the efficacy of this feeding method on clinical outcomes has not been assessed by randomized control trials [165] .
The route, formula, and timing for enteral feeding are determined by the patient's preference and clinical status. Gastrostomy feeding is usually preferred to nasogastric tubes for long-term nutritional support. It is helpful to thoroughly explain feeding needs and choices to the patient in order to increase the likelihood of success. Feeds are usually introduced gradually as tolerated and administered as continuous infusions overnight, bolus feeds (gravity or pump assisted) during the day, or a combination of both. With nocturnal feeds, it is possible to encourage patients to eat a high-energy diet during the day. Most patients tolerate a highenergy polymeric feed (1.5e2 kcal/mL). If this is not well tolerated, an elemental or semi-elemental feed may be beneficial. Polymeric feeds necessitates PERT, as do semi-elemental feeds given to severely PI patients [97] , with dosing and time individually calibrated. PERT is usually given at the beginning and end of the feed but new devices for the administration of PERT are being developed; bolus feeds may need a higher dose due to the increased rate of fat infusion. Patients should be monitored for glucose intolerance; a small dose of insulin may be required to manage the feed [10] .
Guidelines: Enteral nutrition
Parenteral nutrition
Parenteral nutrition is not routinely recommended as a method of nutritional support for patients with CF due to the risk of complications, difficulty of administration and high cost [10] . Parenteral feeding may be essential as short-term nutritional support following intestinal resection in infants presenting with meconium ileus [10, 25] and children and adults following major GI surgery where enteral feeding is not possible. It may also be beneficial for severely compromised patients awaiting transplantation [11] . Early enteral feeding should always be encouraged to reduce the risk of cholestasis.
Guideline: Parenteral nutrition 4.2. CF-related disease with nutritional consequences
GI complications
Some gastrointestinal complications of CF require special consideration and nutritional treatments. These include meconium ileus, distal intestinal obstruction syndrome, constipation, cirrhosis and portal hypertension, recurrent pancreatitis, gastro-esophageal reflux disease and combined occurrence of conditions such as celiac disease, cows' milk protein intolerance, lactose intolerance, and inflammatory bowel disease [11, 188, 189] . In these cases, additional diagnostic gastrointestinal work-up is warranted, and individualized nutritional treatment is appropriate.
Bone disease
Osteopenia and osteoporosis are common among adolescents and adults with CF [56] . Reduced bone mineral density (BMD) with increased fracture risk is of concern in this population [56, 58, 190, 191] . Low BMD can also occur in children [192] . Low BMD has been associated with reduced working capacity [193] , low fat mass but normal lean body mass [194] , severe lung disease [56] , and a fatty acid pattern that reflects EFA insufficiency [194, 195] . Glucocorticoid treatment is a strong risk factor for decreased bone mass [196, 197] .
The main indicators of nutritional risk are poor nutritional status; delayed puberty; and deficiencies of vitamin D, calcium and vitamin K [57, 70, 71, 198] .
As discussed in section 1, we emphasize routine monitoring of bone health using DXA for all CF patients from 8 to 10 years of age.
For patients younger than 20 years of age whose height is more than one standard deviation below age-and sex-matched healthy controls, BMD Z score should be adjusted for height or statural age to avoid over estimating deficits in BMD in people with short stature [71] .
We recommend treatment by provision of adequate calcium, vitamin D, and vitamin K [71, 90] . Supplemental treatments for calcium and vitamins D and K have been discussed previously in section 2. In section 4, we discuss bisphosphonates as part of treatment for osteoporosis.
We suggest people with CF routinely engage in weight-bearing exercise, as physical activity is strongly correlated with increased bone mineral density [90, 197] . Children and adolescents should be encouraged to exercise (high impact weight bearing physical activities) for 20e30 min three times a week in addition to their usual activities [71] . Adults should be encouraged to perform regular weight bearing and resistance activities [71] .
Guideline: Bone disease
CF-related diabetes
In CF, the endocrine pancreas is also affected over time, particularly the b-cells that produce insulin; many people with CF eventually develop CF-related diabetes (CFRD) due to insulin deficiency [53] . The prevalence of CFRD increases with age, so more than half of all patients over 40 years are affected [199] . Higher blood glucose levels promote bacterial colonization in the lungs [53] . As a result, CFRD adversely affects pulmonary function and increases risk for mortality. For these reasons, we recommend annual screening of CF patients !10 years for glucose tolerance. In a 2-h oral glucose tolerance test, a final plasma glucose level !200 mg/dL (>11.1 mmol/L) determines the diagnosis of diabetes. Plasma glucose elevation !200 mg/dL at 1 h but normalization at 2 h is recognized as indeterminate glycemia, an indicator of high risk for eventual diabetes [200] . For people with CF and diabetes, we suggest care managers pay attention to the multiple nutrition concerns of energy adequacy, glycemic control, and attention to risk of cardiovascular disease. As such, the American Diabetes Association, the Cystic Fibrosis Foundation, and the Pediatric Endocrine Society advise: higher than standard intake of calories (1.2e1.5 times dietary reference values for age with individualization for weight gain and BMI); carbohydrate intake individualized and monitored for glycemic control, limited use of artificial sweeteners due to need for adequate calories; higher than standard protein intake; and high fat diet as needed for EFA compensation and weight maintenance [201] .
Treatment for CFRD also includes education on diabetes selfmanagement, insulin therapy, and aerobic exercise [201] . There is only limited evidence for use of oral hypoglycemic agents in CFRD [201] , so we suggest insulin therapy as the treatment of choice [32] . In the management of CFRD the use of a bolus insulin regimen is We recommend that clinicians consider the use of polymeric enteral tube feeding when oral interventions have failed to achieve acceptable rates of growth and nutritional status. (Grade of evidence: high) We recommend basing route, formula, and timing for enteral feeding selection on individual needs and preferences. (Grade of evidence: low)
We recommend the use of parenteral nutrition be reserved for exceptional cases when enteral feeding is not possible. (Grade of evidence: low)
For CF patients with osteopenia or osteoporosis, we recommend nutritional intervention to achieve normal weight gain and growth in children and an optimal body weight in adults, including intake of calcium-rich foods and a balanced fatty acid diet. suggested. Patients need to learn to adjust their insulin dose to the carbohydrate content of the meal. Incretins or incretin-mimetic agents may have a role in the future, but more studies are needed for evidence-based recommendations [36] . There is now evidence that CF patients with pancreatic insufficiency are at risk for developing dyslipidemia [142] ; this evidence suggests that the traditional focus on highcarbohydrate, high-fat diet for CF may need to be adjusted as people with CF are living longer, and focus on quality of fat more than quantity.
CFRD patients can benefit from being seen periodically by a specialized team with expertise in diabetes and CF [32] .
Guideline: CF-related diabetes
Liver disease
Approximately 5e10% of CF patients develop multi-lobular cirrhosis during the first decade of life [202] . Many CF patients later develop signs of portal hypertension with complications such as variceal bleeding. We suggest considering supplementation of EFAs and fat-soluble vitamins because there is commonly an association between liver disease and hepatic steatosis [54, 203] .
Older children and adults with CF may experience liver failure. Impaired liver function is associated with worsening pulmonary function. Liver transplantation is a treatment option that may promote improvement of nutritional status [37, 204] .
Guideline: Liver disease
Specialized nutrition-related treatments
In the following section, we review what is currently known about other treatments for nutritional issues in CF, i.e., studies on dietary supplementation of certain fatty acids and on treatments with anti-osteoporotic and anabolic agents or on use of probiotics. We call on researchers to design and conduct studies on these and other new treatments for nutritional complications of CF.
We do not make CF-specific recommendations on dietary supplementation of certain fatty acids, or on treatments with antiosteoporotic agents, anti-inflammatory agents, anabolic therapies, or probiotics, as evidence is not sufficient to do so and the risk-tobenefit ration may be too high.
Essential fatty acids
Two fatty acids are known to be essential for humans: alpha linolenic acid (ALA, an omega-3 fatty acid) and linoleic acid (LA, an omega-6 fatty acid). Some other fatty acids are classified as conditionally essential, meaning that they become essential under some developmental or disease conditions, i.e. DHA (an omega-3 fatty acid) and arachidonic acid (AA, an omega-6 fatty acid).
For more than five decades, altered fatty acid profiles have been reported in infants and children with CF [162,205e210] . The mechanisms underlying these abnormal fatty acid profiles remain incompletely understood [55,162,208,211e213] . A connecting link between abnormal fatty acid levels and CFTR membrane protein deficiency is not known [26, 206, 211] .
In infants and children with CF, low EFA levels are not necessarily accompanied by usual clinical signs, e.g., dermatitis and learning disabilities. However, low LA was reported to correlate with poor pulmonary status and impaired growth in infants and children [162, 164, 214, 215] , while low DHA with high AA (i.e., high AA to DHA ratio) was associated with impaired bone mineral density in both children and young adults with CF [194, 195] . Altered levels of EFA were likewise correlated with impaired renal, hepatic, and immune function [162, 211, 212, 216, 217] . Based on current evidence, EFA deficiency can be determined by measuring the level of linoleic acid level or triene:tetraene (T3:T4) [162, 210] .
Results of a small number of studies suggest that dietary repletion of EFA may improve lung function [55, 180, 210, 214, 218, 219] . In addition, regular omega-3 supplements may provide some anti-inflammatory benefits with relatively few adverse effects for people with CF [180, 216, 219, 220] .
However, because evidence is still not sufficient [221] , we are not able to make specific practice recommendations regarding dietary supplementation of fatty acids for improved lung function or anti-inflammatory effects in children or adults with CF. Welldesigned prospective studies are necessary to confirm and extend these preliminary findings.
Anti-osteoporotic agents
Treatment with bisphosphonate agents increases bone mineral density and decreases the risk of new fractures in post-menopausal women and in people receiving long-term oral corticosteroids. Since bone weakening is common among older children and adults with CF, it is therefore important to determine whether bisphosphonate therapy likewise yields benefits for CF patients.
Clinical trials have investigated bisphosphonate treatment for adults and children with CF. A meta-analysis of 6 trials of bisphosphonate therapy for adults with CF showed significant increases in bone mineral density of the lumbar spine and hip regions after 6, 12, or 24 months of treatment (compared to untreated control patients) [4] . However, the analysis found no differences for fracture rates or deaths, likely because the study populations were too small [4] . Results of a recent prospective, randomized controlled trial showed that the bisphosphonate alendronate was safe and effective for increasing bone density in children, adolescents, and young adults with CF; such results suggest the possibility of using bisphosphonate therapy to prevent bone loss in young CF patients [222] .
Bone weakening leading to brittle bones has a marked negative impact on quality of life; low bone mineral density can be readily diagnosed with DXA [223] . For these reasons, bisphosphonate treatment is a practical and potentially valuable treatment for CF patients with low bone density. However, individuals who take bisphosphonate medications sometimes experience bone pain and flu-like symptoms [4] . The European Cystic Fibrosis guidelines
We recommend annual screening of all CF patients ! 10 years for glucose tolerance. For all patients diagnosed with cystic fibrosis-related diabetes or impaired glucose tolerance, we recommend education on self-management of the conditions, moderate aerobic exercise, and prescription of insulin as needed. Based on published guidelines for cystic fibrosis-related diabetes nutrition care, we recommend care managers pay attention to the multiple nutrition concerns of energy adequacy, glycemic control, and possible cardiovascular risk. We recommend that cystic fibrosis-related diabetes patients be seen regularly by a specialized team with expertise in diabetes and CF. (Grade of evidence: low)
We suggest considering supplementation of essential fatty acids and fat-soluble vitamins in CF patients with liver disease and hepatic steatosis. (Grade of evidence: moderate)
recommend bisphosphonate treatment for children and adults who have bone mineral density Z-score lower than À2; bisphosphonate treatment is also recommended for adults with >4% bone loss per year on serial DXA and for those with a history of low-trauma spinal or extremity fractures [71] . Because of long term safety concerns, use of bisphosphonate treatment in children remains controversial [224] . While we do not make absolute recommendations of bisphosphonate treatment for CF patients with or at risk of low bone mineral density, we recognize that some patients will benefit.
Guideline: Anti-osteoporotic agents
Growth hormone
Many individuals with CF do not achieve normal linear growth or predicted adult height [225] and experience poor weight gain and reduced lean body mass [226] . As a result, anabolic agents such as growth hormone (GH) may eventually play roles in CF treatment [2, 227, 228] .
Pulmonary function and growth parameters were improved in patients treated with growth hormone, as reported in a systematic review that included 10 controlled trials and 8 observational studies [227] . Results showed that recombinant human GH improved almost all intermediate measures of pulmonary function, height, and weight in children and adolescents with CF; GH also appeared to have positive effects on bone mineral content [227] . Further, a recent trial evaluated 12-month treatment with growth hormone in patients with reduced growth and bone age (multicenter, randomized, controlled); results showed significant effects of growth hormone on improving both growth and lung volumes [228] . Positive effects of growth hormone on long-term health outcomes such as quality of life or mortality have not yet been demonstrated [229] .
Appetite stimulants
Because patients with CF and their families are concerned about poor appetite, appetite stimulants have been used to help CF patients increase the amounts they eat so they gain weight and improve overall health. While appetite stimulants offer potential benefits, there are concerns that they may have side effects. A recent metaanalysis of 3 studies examined efficacy and safety of specific appetite stimulants [2] ; this analysis included 2 studies of megestrol acetate [230, 231] and a study of cyproheptadine hydrochloride [232] . In the short term (six months) in adults and children, appetite stimulants improved weight (or weight z score) and appetite, with no difference between megestrol acetate and cyproheptadine; side effects were insufficiently reported to determine the full extent of their impact. A newer study on cyproheptadine has since been published, and results of this study showed a clinically relevant effect size for weight/age (z score) and body mass index for age (z score) [233] . Taken together, all studies were small in size and had moderate-grade evidence. As a result, we are not able to offer an evidence-based guideline on use of appetite stimulants for CF patients [11] .
Probiotics
CF is characterized by recurrent pulmonary inflammation and infections, which begin early in childhood and eventually lead to morbidity and mortality due to respiratory failure. Probiotics are orally-administered live bacteria, which have been used to decrease severity of acute gastroenteritis in children [234, 235] . Evidence continues to build for probiotic use by CF patients. In pilot studies, Lactobacillus GG treatments for 1e6 months lowered markers of inflammation [236] , decreased pulmonary exacerbation rates, and lowered the frequency of hospital admissions [237, 238] . These 3 pilot studies were small in size, so we are not yet able to provide an evidence-based guideline. However, use of probiotics for prevention and treatment of pulmonary inflammation in CF patients is a promising area for further investigation.
Conclusions
The discovery and cloning of the CFTR gene 25 years ago led to the identification of the structure and function of the CFTR chloride channel [239, 240] . In turn, new targeted therapies were developed as a result of better understanding of CF molecular mechanisms and usual disease progression. Current CF treatments variously target respiratory infections, inflammation, and mucus clearance. With these ESPEN-ESPGHAN-ECFS Guidelines on Nutrition Care, we underscore the importance of nutrition along with these other treatments to extend survival and to improve quality of life for children and adults with CF.
